ABSTRACT
properties of the system variables; c) the two paradigms are investigated within the empirical framework of multivariate Granger causality using the valuable information from the error-correction mechanism; and d) the robustness of Granger tests is checked within the empirical context of impulse response functions.
The outline of this study is as follows: Section II reviews in brief the theoretical background of the Keynesian proposition and the Ricardian equivalence. Section III presents the data, analyses the econometric methodology and provides causality test results. Section IV examines the robustness of Granger causality tests. Finally, Section V gives the main concluding remarks.
II. THEORETICAL ISSUES
As known, the government deficit equals government expenditures minus government revenues. To finance the deficit, the government issues new debt, so that the deficit equals the amount of new debt. Budget deficits have been the subject of empirical work examining the relationship between deficits and other important macroeconomic variables like inflation and the rate of interest. To illustrate the Ricardian equivalence let us assume that government purchases remain constant and that the government decides a cut in taxes. The Ricardian equivalence states that lump-sum changes in tax revenues will not affect the level of total consumption, total savings, the rate of interest, money demand and other important macroeconomic variables.
Suppose that the government reduces taxes by € 100. The tax cut should lead people to increase consumption, because the current tax cut increases their current incomes. However, given that the government has not changed its expenditures for goods and services, the € 100 tax cut today must also increase current borrowing by € 100. Because the additional debt of € 100 will be repaid in the future, tax revenues will be higher in the future implying lower future disposable incomes for the people. The decline in future disposable incomes will cause people to consume less today, offsetting the positive effects on consumption of the € 100 current tax cut. In this way, the total effect of a current tax cut on desired consumption is zero, because the positive effects of increased current disposable income and the negative effects of declined future disposable income cancel each other out.
Considering that government deficits do not influence total consumption and savings, the level of interest rate remains constant and the demand for money is not affected. Within the IS-LM model the rationale of the Ricardian theorem indicates that budget deficit increases do not affect the equilibrium point of the IS and LM curves. Thus, government deficits do not influence the equilibrium level of interest rate and other key macroeconomic variables such as consumption, savings, inflation, etc 2 .
In the framework of the Keynesian proposition, government deficit increases cause changes to the level of the main macroeconomic variables. Budget deficits resulting from an increase in government expenditures, tax cuts, or both, will cause a reduction in desired national savings, shifting the IS curve to the right and hence increasing aggregate demand. The result will be a rise in the price level causing the interest rate to increase. Thus, in the Keynesian model budget deficits will be correlated with inflation and interest rate increases.
The Keynesians also argue that higher interest rates and inflation are the result of the positive effects of budget deficits on money supply. As known, the central bank can finance the government deficit by printing money or selling bonds. The government may deliberately raise the supply for money in an effort to obtain revenues and thus to cover the deficits. An increase in money supply caused by financing deficits will tend to feed inflation and to raise interest rates. Since 1980 the United States and many European Union countries such as Greece have often experienced large government deficits. In the 2000s the deficits in the United States and the Eurozone appear to follow an increasing path. In this sense, the government deficit constitutes a key economic variable which seems to affect the behavior of the macroeconomy.
III. DATA, COINTEGRATION, CAUSALITY
The list of variables included in the empirical analysis is: the government deficit (D), one year bond rates (R), the inflation rate (P) and the real GNP at market prices (Y). The data are annual covering the period 1948 to 2001 and are collected by the Ministry of National Economy and the National Statistical Service of Greece. Before 1948 insufficient data for all the variables are available, so that the estimation period is over the years 1948 to 2001. D is expressed in real terms and P is measured by CPI (Consumer Price Index). Note that in Greece the fiscal year starts on January 1 and ends on December 31.
The ulterior purpose of the methodology adopted in this paper is to explore the robustness of the empirical results to various generalizations of the estimated models. The links between D and R are investigated in the context of alternative causality tests. Granger-type causality tests are conducted using lag lengths determined by two model specification criteria. The robustness of the Granger-causality results is explored by applying impulse response functions (IRF), where the time series are jointly determined. In this way, IRFs provide an indication of the causal properties of the system variables (D, R, Y) and (D, R, Y, P). The aim of implementing multivariate causality tests and IRFs is to avoid the possibility of specification bias. Using a model specification which is based on a simple two-variable relationship, it is possible for the causality tests to produce misleading results if important variables are omitted from the system. Therefore, if key variables are omitted from the Granger causality procedure, the tests may yield spurious and unreliable conclusions as to the Keynesian proposition and the Ricardian equivalence.
The first step in our empirical procedure is related to establishing the degree of integration of the time series. A precondition for cointegration is to examine the unit root features of each variable under study. The integration properties of each series are investigated by executing Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Elliot-Rothenberg-Stock (ERS) unit-root tests. The ADF, PP and ERS equations include a constant and a time trend to permit for a deterministic trend under the alternative hypothesis. The results of unit-root tests are reported in Table 1 . ADF, PP and ERS tests do not reject the null hypothesis of nonstationarity, indicating that the series D, R, Y, P have a unit root. Using first-differenced data all reported t-ratios suggest that the series are integrated of order one I(1).
Having investigated the stationarity properties of the series under study, the second step of the empirical procedure is to provide a formal analysis of the long-run co-movement in the four series. Cointegration tests are carried out employing the well-established technique of Johansen (1988 Johansen ( , 1991 Johansen ( , 1995 which is based on the following equation:
where X t is a vector of variables; μ is a constant vector; Δ  (1-L) is the first-difference operator; Π is the coefficient matrix with reduced rank r<k; and u t is a vector of innovations.
The null hypothesis that there are at most r cointegrating vectors is tested employing the trace statistic, λ trace , and the maximum eigenvalue statistic, λ max . The trace statistic is given as follows:
The maximum eigenvalue statistic is calculated as: Table 2 presents the Johansen cointegration test results based on λ trace and λ max . When the Johansen procedure is performed, the level data have linear deterministic trends and the cointegrating equations have intercepts. The AIC (Akaike Information Criterion) is used to define the lag length specification of the three-and four-variable system. The null hypothesis of at most one cointegrating relationship is not rejected in either system. The variables tend to move together in the long-run and, hence, share a long-run component and do not drift apart over time.
According to the Granger-representation theorem, the existence of a long-run equilibrium relationship between a set of variables enables us to estimate at least one error-correction model (ECM). Given that the variables are cointegrated, their pattern of causality must be tested in the context of an ECM formulation. A main methodological contribution of ECM strategy is that the estimation procedure takes into account the short-and longrun dynamics of the system.
In this paper, a Granger testing approach is applied to investigate the direction of causality between D and R using the AIC and Theil's R 2 (TC) to select lags. To specify the optimal lags, the AIC and TC criteria are calculated in a 3-step procedure. First, setting k=0, I determine m=m* which minimizes AIC(m) and TC(m). Second, having selected m=m*, I solve for k=k* so as to minimize AIC(m*,k) and TC(m*,k). Third, having chosen k=k*, I select λ=λ* so as to minimize AIC(m*,k*,λ) and TC(m*,k*,λ). The resulting lag structure (m*,k*,λ*) determines the optimal lag lengths for the trivariate system (ΔD, ΔR, ΔY). The same technique is followed within the four-variable system (ΔD, ΔR, ΔY, ΔP) 3 .
Based on the above-described Granger causality technique, causality tests are reported in Table 3 . The error-correction terms E t-1 and C t-1 produced from the Johansen procedure are the cointegrating vectors included in the group of regressors. The coefficients δ 1 and δ 2 provide evidence of the long-run dynamics between ΔD and ΔR. The essential conclusion is that, in the case of Greece, the empirical evidence is consistent with the Keynesian proposition. Granger causality tests seem robust, showing an obvious bi-directional causality between ΔD and ΔR. The values of E t-1 and C t-1 indicate long-run causal consequences between government deficits and interest rates. The BG tests suggest that serial correlation is not a problem in the sample data. The fact that government deficits cause positive interest rate changes reflects the validity of the Keynesian proposition.
IV. ROBUSTNESS CHECKS
The results of Table 3 suggest that in the case of Greece government deficits are an important causal determinant of interest rates. This section examines the robustness of Granger causality tests in the empirical framework of impulse response functions (IRF). The impulse response function traces the predictable response of each endogenous variable over time to a shock in that variable and in every other endogenous variable of the system. IRFs can give an indication of the pattern of causality between D and R. By performing IRFs a researcher can investigate the channels through which D and R operate without assuming any constraint on other system variables. The purpose of IRF methodology is to consider all the variables as jointly determined and to face the case of specification bias. The empirical procedure in this paper is based on Amisano and Giannini (1998).
Consider the Z t vector of the endogenous variables where t=1,…,k and let Φ=H(e t e t ) be the residual covariance matrix. In the methodological context of Amisano and Giannini (1998), the following structural VAR(SVAR) model has to be estimated:
where E and F are kk matrices to be estimated; e t is the reduced form disturbance terms; and u t is the unobserved structural innovations. Innovations are assumed to be orthonormal and thus H(e t e t ) = I e.g. the residual covariance matrix is an identity matrix. Given that u t are orthonormal innovations, the following identifying restrictions on E and F matrices are imposed:
where both sides of 5 are symmetric. In Figures 1 and 2 , IRF results are derived by estimating the orthogonal factorization matrices E and F. The results indicate the existence of dynamic causal effects between D and R. In Figure 1 the first row of the second column indicates that the responses of the rate of interest to government deficit disturbances are positive in all horizons. The positive responses appear to be strong and persistent. The evidence that innovations to D evoked positive and significant consequences in R is in line with the theoretical grounds of the Keynesian view. Figure 2 shows that the second row of first column the positive response of government deficit to shocks in the interest rate is positive across all horizons. Note that shocks to D cause positive movements to P, showing that D is a key variable in the four-variable system (R, D, Y, P). The evidence in Figures 1 and 2 does not cast any doubts on the key role of D, leading us to reject the theoretical background of the Ricardian equivalence 4 . The empirical findings in Figures 1  and 2 are consistent with those of Table 3 .
V. SUMMARY AND CONCLUSIONS
Since 1974 there has been a growing interest in the field of applied economics in testing the relationship between government deficits and other important macroeconomic variables such as the interest rate, inflation, money supply, current account, private consumption, etc. Most of the recent research in this area has focused on the acceptability and validity of the Keynesian proposition (conventional view) and the Ricardian equivalence hypothesis. However, except for a considerable number of studies based on data of the U.S. economy, in other developing countries not much empirical work has been done on the links among budget deficits, the rate of interest and inflation.
Based on annual data of the Greek economy between 1948 and 2001, performing Granger causality tests within the framework of ECM modelling and employing IRFs, the objective of this paper is to test empirically the acceptance of the Keynesian proposition and the Ricardian equivalence. ADF, PP and ERS unit-root tests are used to check the time series D, R, Y and P for stationarity. The hypothesis of nonstationarity is tested including a constant and a time trend in the estimation procedure. Unit-root tests suggest that the null is soundly rejected by the first differenced data. Thus, D, R, Y and P are assumed to be difference-stationary. Having established that each series is I(1), the Johansen cointegration approach is applied to explore the cointegration of variables in (D, R, Y) and (D, R, Y, P) systems. The empirical results show that the λ trace and λ max statistics fail to reject the null of no cointegration among the system variables.
Cointegration is a necessary and sufficient condition for the formulation of the variables in an ECM. In the ECM representation short-run dynamics are captured by the first differences of the variables and long-run dynamics are considered through the error-correction terms E t-1 and C t-1 . The pattern of causality between D and R is investigated within the empirical framework of ECM strategy. Granger tests reveal both-way causality between D and R. The message that a change in government deficit implies a positive effect on the rate of interest supports the theoretical grounds of the Keynesian proposition. The estimated IRFs, shown in Figures 1 and 2 , seek the robustness of the Granger tests of Table 3 . The IRF results suggest that D is a leading variable causing a positive impact on R and P.
Overall, the empirics are in accord with the logic of the Keynesian proposition. In Greece, over the time frame 1948-2001 debt monetization was a basic target of fiscal and monetary policies. An argument for debt monetization is that the government sells bonds to finance a deficit. The debt issued to finance the government deficit is to some extent monetized, because bonds are a part of money supply. In Greece, between 1948 and 2001 government bonds and treasury bills were components of the M 3 broad monetary aggregate. Fiscal authorities were dominant in the sense that they independently set the amount of revenue from bond sales to cover the gap of the deficits. Monetary authorities had no alternative but to finance the government deficits. Thus, over the time period 1948-2001, the interest rate and the monetary base could not be manipulated independently of fiscal policy, so that monetary authorities were the follower and fiscal authorities were the leader 5 . It seems that policy makers, trying to control budget deficits, considered these monetary aggregates as the chief intermediate monetary policy targets. (1996) . All the regressions are performed collecting one year lag length. The critical values from Osterwald-Lenum (1992) are used to evaluate the significance of λ trace and λ max statistics. The lags of the test VAR are selected using the AIC. The lag lengths of the three-variable system (D,R,Y) and of the four-variable system (D,R,Y,P) were specified to be one and two years respectively. (3) 0.218 0.898 Significance at: * 1%, ** 5%, *** 10%. AIC is the Akaike Information Criterion and TC is the Theil's R 2 criterion. a. Wald F-tests are performed to ascertain the joint significance of the lagged values of the independent variable. The numbers in parentheses show the lag order of ΔD, ΔR and the control variables, respectively. b. The error-correction terms E t-1 and C t-1 , lagged one period, are the cointegrating vectors saved from the Johansen cointegration tests. Asymptotic t-statistics in parentheses. c. BG is the Breusch-Godfrey F-statistics for residual serial correlation. Number in parentheses is the lag length.
